Abstract
Introduction 6
In recent years, according to the American Cancer Society Research (2018) breast cancer is the Imaging (TI) technologies have emerged [13] [14] .
22
TI is a non-invasive procedure that used for detecting cancerous tissue. TI used for mapping the 1 interested area with sensors. In TI, every examiner can sense different shapes and geometries in 2 different areas so the results are quantitative and objective. Sensors can detect difference between 3 the cancerous tissue and healthy tissue with different sensor types [15] [16] [17] . With TI size, shape and 4 depth of the cancerous tissue can be detected. Geometric properties and stiffness vary between the 5 benign and malignant tissues as reported in [18] [19] . In TI applications, there is a limited number 6 of devices that commercially available [20] . Some study groups work on different sensor types i.e. experimental steps; first, linear motion was applied to the probe, and secondly, circular motion was 13 applied to the probe. If any problematic tissue was seen then the second step was performed.
14 In this present study, we proposed a novel single point tactile palpation probe. The novelty of the 15 study is to create a hand-held single point tactile imaging probe for automated palpation which uses 16 an updated and isolated inductive sensing element. The inductive sensing element embedded in a 17 thermoplastic polymer housing to isolate surrounding metal parts which could cause 18 electromagnetic noises. The housing was filled with silicone rubber material and laser-cut metal 19 array pieces placed 0.5 cm away from the sensing area to amplify the displacement sensitivity. The 20 inductive element had a 1µm displacement resolution. Firstly, our tactile probe was designed by SolidWorks and created by a 3D printer. The silicone rubber part of the sensor used in this study 22 was tested by a material compression testing machine. Moreover, the silicone rubber showed linear 23 4 behavior at selected force range which was similar with the sensor output calibration curve.
1
Silicone phantom models were also created to test the tactile probe on different scenarios. We 2 hypothesized that our novel probe design achieves higher correct diagnosis rate because of higher 3 displacement resolution capabilities at static indentations. To test this hypothesis, we designed 4 human and sensor experiments for comparative detection tasks. In order to detect human diagnosis 5 rate, we performed a method of constant stimuli psychophysical detection task. The result was 6 compared with the tactile probe performance by repeating the same procedure. According to our 7 experimental result, we have found that the TI sensor showed better diagnosis rates in the palpation 8 experiments than the human subjects especially for small and deep inclusions. The tissue-like silicone rubber sensor was designed as a handy probe shape was given in Figure 1 .
12
Tactile probe dimensions and materials were selected to corresponding manufacturing technology indentation is applied to the probe surface, metal objects get closer to the inductive sensor thereby 2 changing the inductance value corresponding surface displacements.
3
The system provides 24-bit inductance and displacement values. After 10 mm distance, the 4 inductive sensor is not capable of sensing the outside metals thereby reducing external noises.
5
Some of the physical properties of out TI sensor was given in Table 1 . 
Compression test of the sensor

7
The mechanical compression test of the tactile probe was executed by using material testing According to signal detection theory, the observers is presented with various intensities. In our 7 case, the intensity of the stimulus was considered as the size and location of the inclusions as seen 8 in Table 2 . In each trial, phantoms were selected randomly by the operant and subject's task was 9 to report if there was an inclusion in the phantoms or not. The performance of human subjects was 10 calculated according to their false and correct responses. If there was an inclusion inside the 11 phantom sample and the answer of the subject was 'YES', and also if there was no inclusion in the 12 sample and the answer of the subject was 'YES', the responses were considered as false diagnose 13 "FD". During the experiments, all subjects were used their right index finger tip.
14 First, subjects were trained on empty control phantom (P.1) and 15 phantoms with inclusions.
15
Secondly, subjects were blind folded and samples were randomly presented on a digital scale 
Experimental Cases
22
In this study we used three different cases to compare the sensitivities of the tactile probe and the case, the phantoms were grouped as shown in Table 2 . 
Statistical Analyses
6
Statistical analyses were performed in MATLAB 9.3. Firstly, in TI probe experiments, 11 7 measurements were averaged. A two-way ANOVAs was used to study the effect force on 8 displacement and size. Secondly, a multiple comparison task was also used to see the effect of 9 location of inclusions. Finally, in human experimental tasks, the false diagnoses rates were 10 calculated according to the signal detection theory. 
TI probe calibration results
18
In order to calibrate the TI sensor response, we conducted a force-displacement experiment.
19
According the experiment result, the probe had highly linear response (R 2 = 99.49%) as shown in 20 Figure 7 . The displacement values were differentiated around 8135µm and 8235µm (ߡx=100µm).
21
The calibration curve showed similar linear characteristics as in mechanical compression test. The 
TI Probe Experiment Results
5
After the calibration task, TI sensor was used to test different scenarios such as finding deep, 
Human Palpation Experiments
22
In human palpation experiments, the false diagnoses percentages of the subjects with respect to 1 force, inclusion sizes and locations were recorded. Figure 10 shows the false diagnoses rates as a 2 function of force level regardless of inclusion sizes. The maximum false diagnoses rates were 3 measured for 5N at deep inclusion locations. The minimum diagnoses rates were measured at 4 surface inclusion locations when the force was 15N. There was a significant force effect on the 5 human detection by the force (ANOVA, p<0.001).
6
In human palpation experiments, in order to see the effect of inclusion sizes clearly, the false 7 diagnoses rates at different forces were averaged and plotted as a function of relative sizes of 8 inclusions. In Figure 11 , the results showed that false diagnoses made by the subjects were 9 increased at the inclusions were places deeper locations. outputs at different indentation level were also recorded. They showed that tactile sensor can detect 7 at lower indentation depth and pressure than human subjects.
8
In a similar study by Ayyildiz et al. (2013), an optical tactile sensor was designed in array shape.
9
The sensor was calibrated by a robot-assistive platform. Silicone samples having different size 10 inclusions were prepared. Similarly, their psychophysical task was executed by active palpation 11 task. According to their results, the tactile sensor could differentiate deeper and softer inclusions 12 than the human palpation. The biggest disadvantage of their study was that the sensor surface was 13 covered by a metal pins array, which was not useful to apply pressure on soft samples. The array
14
shape was used to compare the size of inclusions, other than exact shape recognition.
15
In the proposed probe design, the sensing area was composed of a single element, but there was a signal processing is faster and they do not require a complex instrumentation and power supply 21 systems. When the tumor is deeper and not eligible for manual palpation, the tactile probe cannot 22 be used. Instead, the other imaging modalities will be preferred.
23
The most challenging part of the inclusion detection task was when the phantom samples included 1 deep and small parts. The human subjects were used their index finger as they were used in the 2 study by Gwilliam et al. (2010) . Unlike our study, the human palpation executed as passive touch 3 procedure. In contrast, we choose active touch as we do normally in many palpation tasks. Human 4 subjects had high false diagnosis rates especially at low force levels. Whereas, TI sensor was 5 capable of differentiate the empty control phantoms with the inclusion at all depths. All in all, 6 according to our experimental results, the proposed inductive TI probe might be one of the best 7 candidates of inclusion detection in soft tissue phantoms. 
Conclusions
9
In this study, we show that inductive based tactile imaging probe design can detect hard lump in 10 soft tissue like environments with higher accuracy than a naive human subject in an active palpation all conditions, the sensor had superior performance.
16
In the future studies, the authors aim to produce a TI imaging system which includes a high-17 resolution camera for positioning and spatial resolution information. Different psychophysical 18 tasks will also be applied on naive and expert subjects for deep and more realistic comparison. 
